Introduction {#Sec1}
============

Canada wants to reconcile its previous actions against Indigenous peoples in Canada who have historically been mistreated and oppressed. In 2015, the Truth and Reconciliation Commission of Canada (TRC) released a report calling for the government to take action towards reconciliation \[[@CR49]\]. One of the calls to action was the revitalization of the many Indigenous languages and cultures within Canada.

Like with learning any language, learning Indigenous languages includes the acquisition of reading, writing, speaking, and listening skills. Within these, excelling in listening and speaking requires phonological awareness which is knowledge of how sounds are used within a language \[[@CR5]\]. This awareness gradually develops throughout childhood for one's first language, but it needs to be nurtured when learning additional languages \[[@CR2]\]. Phonological awareness facilitates learners' speaking and listening skills. Supporting the development of these skills is of primary importance because of the oral traditions that are common amongst Indigenous cultures in Canada. The need for technologies to support this type of learning is pronounced because of the limited access learners have to instructors or speakers and the prevalence of dictionary-like vocabulary tools that fail to meet this community-identified need \[[@CR35]\]. The current lack of ingenuity and adaptivity in the language-learning technologies that are available to learners of Indigenous languages \[[@CR35]\] means that there has been little research investigating their effectiveness. Given this lack of investigation, we do not know which approaches support the development of the skills necessary for engaging in the learning practices that are of cultural value to specific Indigenous communities.

One of the approaches that might help learners develop core skills is game-based learning which has been garnering continued attention \[[@CR10], [@CR56]\]. Its affordances such as providing immersive exposure to the language and decreasing anxiety \[[@CR26]\], as well as creating an entertaining and interactive learning experience have contributed to its use within language learning. These are important factors in language learning because learners' willingness to use a language can foster improvement \[[@CR1]\].

In addition to supporting language learning, game-based learning can trigger intrinsic motivation in learners \[[@CR32]\] which might help them overcome the barriers that they face during learning. This additional motivation is especially important to Indigenous language learning as there are many social, technical, and access barriers to acquiring these languages \[[@CR21], [@CR35], [@CR37]\]. The popularity of Duolingo has demonstrated technology's ability to provide a captivating language learning experience \[[@CR24]\]. For these reasons, a game-based e-learning activity that aims to develop learner phonological awareness could support Indigenous language learning as learner knowledge of phonology is predictive of several other language learning tasks \[[@CR52]\].

Related Literature {#Sec2}
==================

Language learning has a long history of using games and simulations in both digital and non-digital learning contexts \[[@CR12]\]. Most studies of technology used to support language learning have focused on enhancing the vocabulary knowledge of learners \[[@CR9], [@CR17], [@CR54]\], with only a handful of systems using adaptive features to support oral language acquisition. For example, VocabNomad was a mobile communication support tool that enabled listening and pronunciation practice with recommendations being used to expose learners to new vocabulary items \[[@CR16], [@CR18]\]. Many other systems focus on supporting grammar instruction \[[@CR9]\]. Among the systems and approaches that support learner's grammatical knowledge and writing skills are Grammarly \[[@CR38]\] and the use of machine learning approaches for detecting or correcting grammatical errors \[[@CR48]\]. When investigating the combined impact of feedback with such approaches, the addition of self-explanation within an adaptive grammar tutor failed to improve retention over practice alone \[[@CR55]\]. Other than feedback and practice, a learner's writing abilities benefit from improved reading proficiency as increased receptive knowledge is predictive of productive knowledge \[[@CR53]\]. Keeping this in mind, a system that was designed to support English language learners when they are trying to read authentic texts \[[@CR57]\] might benefit both skills. However, the effectiveness of this system has yet to be evaluated. As summarized in reviews \[[@CR45]\] and demonstrated by the above explorations and system designs, most adaptive computer-assisted language learning applications have focused on receptive skills (e.g., grammar, reading) or text-based approaches. This may be partly due to the technological and other challenges associated with supporting oral and productive language learning activities \[[@CR31]\].

While less studied \[[@CR9], [@CR17]\], investigations examining how to improve language learners' speaking and listening have used a variety of technologies. One investigation showed that the most common learning activities performed by migrant language learners involved the repurposing of existing technologies to support pronunciation modelling and self-testing \[[@CR17]\]. These types of interactions are dependent upon several features that include the ability to record, play audio or produce language through speech synthesis, and automatically analyze learner speech. One commercial technology that aimed to promote the identification and production of sounds used speech recognition to provide feedback on English language learners' pronunciation of single words \[[@CR47]\]. Similarly, a game-based adaptive pronunciation tutor provided feedback on learner pronunciation \[[@CR19]\]. This tutor was well received by language learners even though it was not shown to improve their phonemic awareness or pronunciation. In contrast, findings from a study where a mobile game was used to promote speaking and listening skills suggested the game only supported the improvement of learners' speaking abilities \[[@CR28]\]. In contrast, a popular commercial language-learning application that includes activities which are expected to support the development of phonological awareness (i.e., Duolingo) was associated with improved listening skills \[[@CR44]\], and an experimental system, called ToneWars, helped learners develop their declarative knowledge of Chinese tones through collaboration and competition \[[@CR20]\]. Going beyond the simpler interactions seen in the above systems, the investigation of one of the few simulation-based systems that effectively supports language learning revealed that those who performed well in foundational skill-based activities, such as phonemic awareness, also performed better in simulation tasks \[[@CR29]\]. A more recent example that aims to support communication practice focuses on adding features to agents in a way that will increase learner willingness to communicate \[[@CR1]\].

A scoping review on the use of games in language learning revealed that 94% of studies were focused on English as an additional language \[[@CR26]\] even though other languages could benefit from these types of approaches. It has even been argued that this class of approaches might help revitalize endangered and threatened Indigenous languages \[[@CR22]\]. However, this vision has yet to be realized. In one attempt to support Indigenous language revitalization, Parker and colleagues \[[@CR39]\] designed a game to support learners of Blackfoot (an Indigenous language in North America). This game asked players to follow instructions in Blackfoot to achieve a set of sub-goals; however, its effectiveness was not evaluated with users. Another study introduced a computer-based language learning activity to families who want to learn Ojibwe (anishinaabemowin): an Indigenous language spoken in North America. This activity aimed to promote Ojibwe acquisition by incorporating language learning into family activities \[[@CR25]\]. An adaptive system for the appropriate use of pronouns in Maori (an Indigenous language in New Zealand) showed similar performance gains as those obtained from standard tutorials \[[@CR51]\]. So far, the sole adaptive system for supporting the acquisition of Plains Cree (nehiyawewin) grammar has only been evaluated from the perspective of people's opinion about the system's design \[[@CR6]\].

As can be seen in the literature, many technological approaches to supporting language learning can advance learner skills and knowledge. Although, some of them add little benefit over non-adaptive approaches (e.g., \[[@CR55]\]). We have yet to see the evaluation of the effectiveness of adaptive or other language learning technologies for Indigenous languages. Given this information and a need for effective educational resources to support Indigenous language learning \[[@CR34]\], we created a game that aims to support the development of phonological awareness in Plains Cree (nehiyawewin) with the hope that it would be the first step in a series that supports improved listening and speaking skills among learners.

Method {#Sec3}
======

A mixed-methods approach was used where qualitative and quantitative data were triangulated \[[@CR14]\]. This approach provided a holistic view of learners' experience and knowledge acquisition \[[@CR50]\].

Learning Technology: SoundHunters {#Sec4}
---------------------------------

The approach under investigation was inspired by the arcade game called Space Invaders. Instead of defending against an alien invasion, the game asks learners to differentiate between sets of characters and identify the one that matches the sounds they are hearing. Note that there are two common ways that Cree is written, and within this study we will be focusing on the Standard Roman Orthography (SRO) writing system which is composed of eight consonants, two semi-vowels, and seven vowels.

The temporal pressure aspect of the game mechanics was used to help support the development of student fluency \[[@CR42]\]. When the game starts, the user sees two to four deer move down the screen (Fig. [1](#Fig1){ref-type="fig"}). Each deer has text attached at its side. The learner is then given a sound that corresponds to one of the deer's text (i.e., the correct answer). This sound repeats until the learner identifies and shoots the correct deer.Fig. 1.Screenshots from game play. 1 shows the full screen for task 1. Images 2 through 4 show a close up of the types of stimuli in tasks 2 through 4 respectively.

SoundHunters has four tasks. The first tests the user's knowledge of sound to single character mappings, which is the base unit. The second tests their knowledge of the mapping between sounds and character pairs on the way to developing an understanding of how sound-to-character mappings interact when they are grouped into larger units. The third task tests their ability to distinguish minimal pairs (i.e., two words that are identical except for one sound, such as sun and fun), which is known to support the development of phonological awareness. The fourth task tests the user's ability to identify the word that was said and is the most ecologically valid task as learners will typically have to understand full words when interacting with others. Each task has three difficulty levels: easy, medium, and hard.

The difficulty for the first two tasks is determined in the same way. In both, distractor types are defined based on their similarity to the audio and visual cues associated with the target item (i.e., correct answer). When providing examples, we also provide an international phonetic alphabet (IPA) pronunciation guide. An example of a distractor that includes aspects of both orthography and phonology would be "ô" (as in moose or u in IPA) which is audibly and visually similar to o (as in put or ʊ in IPA). We refer to these types of distractors as bidimensional. A unidimensional distractor would be similar with respect to a single channel (i.e., audio or visual). For example, 'e' (as in bet or ε in IPA) sounds similar to 'â' (as in fa or father - ɑ in IPA) but is not visually similar. A simple distractor would be a distractor that is neither visually nor audibly similar. For example, 't' is neither audibly nor visually similar to 'a' (as in cut or ə in IPA).

For both tasks one and two, the user is presented with two simple distractors and the correct answer at the easy level. At the medium difficulty level, the user is presented with a combination of three simple or unidimensional distractors and the correct answer. At the hard level, the user is presented with a combination of three unidimensional or bidimensional distractors and the correct answer. At the hard level, the speed at which the distractors descend also increases.

The nature of the third task limits the number of potential distractors to one. Consequently, the difficulty of the distractor in this task is based on its length and increased speed for the hard level.

The fourth task requires the user to identify the difference between words. Distractors were randomly chosen. Like task three, the difficulty was determined by the length of the word and the speed at which items descend. The speed increased for the medium level and again for the hard level. At the easy level, the user was presented with the correct answer plus two distractors. At the medium and hard level, they were presented with the correct answer plus three distractors.

Participants {#Sec5}
------------

Participants were recruited via advertisements that included social media posts, posters around campus, and classroom announcements. Participant ages ranged from 19 to 76 (M = 25.9, SD = 11.68); 2 did not provide their age. Of the 25 participants, 13 were female, 11 male, and 1 participant opted not to specify. All were native English speakers who do not know Plains Cree. However, 4 said they can identify Plains Cree when they hear it. Participants were assigned a numeric identifier. This identifier (e.g., P1) is used to indicate which participant a quote originated from.

Data Collection {#Sec6}
---------------

This study and its methods were pre-registered (<https://osf.io/xjy4v>). As planned, we used two measures to evaluate both the effectiveness of SoundHunters and learners' experience. These measures consist of a Cree knowledge test (as pre-test and post-test) and a questionnaire to evaluate player experience.

As a knowledge test, we asked participants to transcribe two short recordings of someone speaking in Cree. Each recording contained approximately 5--10 words in a single sentence. Each recording was 3--5 s long and the participant was allowed to listen to it a maximum of 3 times without pausing. Different recordings were used for the pre- and post-test. Scoring was handled based on correctness of the letters. Each correct letter earned one point. A half point was given to letters that do not exist in Plains Cree when their English sound represents a valid sound in Cree. An example would be if the user wrote 'g' in place of 'k'. The 'k' sound in Cree often sounds like 'g' in English, but 'g' is not used in SRO. The percentage of accumulated scores according to the number of letters in the correct answer (maximum score) are reported.

User experience was evaluated using the Model for Evaluating Educational Games (MEEGA+). This instrument was developed to analyze educational games and was reported to have high reliability (Cronbach's α  = 0.928) with its subscales established through factor analysis \[[@CR40]\].

Data Analysis {#Sec7}
-------------

For the knowledge test, the normalized learning gain of each player was calculated \[[@CR23], [@CR41]\]. Additionally, using a paired sample t-test, we determined whether performance on the transcription test improved following system use. This test was conducted after determining that data followed a normal distribution. Errors on the pre- and post-test were grouped based on how the participant responded. These errors were compared across tests to identify evidence of changes in participant knowledge of specific sound-to-character mappings.

The analysis of the qualitative data began with reviewing the data from the perspective of participants' learning experience \[[@CR46]\]. After that, we conducted thematic analysis to reveal themes within their learning experiences \[[@CR8]\]. This process started with identifying codes which are expressions that relate to participants' learning experience. Then, these codes were grouped around themes and data were reviewed to confirm these themes. This process was handled by a researcher who has a PhD in educational technology and is experienced in qualitative data analysis. All steps of the process were reviewed and confirmed by another researcher to increase reliability (as in \[[@CR43]\]).

Results {#Sec8}
=======

Increased Phonological Awareness {#Sec9}
--------------------------------

A paired-samples t-test of the phonemic knowledge tests revealed a significant improvement in learner performance (*t*(24) = −6.85, *p* \< .001, *d* = 1.37) from the pre-test (*M* = 49.37, *SD *= 8.56) to the post-test (*M* = 58.50, *SD* = 8.74). Participants' normalized learning gain showed considerable improvement, 95% CI = \[0.12, 0.23\], given that participants interacted with the system for approximately 49 min (*M* = 49 min. 21 s, *SD* = 6 min. 2 s).

In addition to measurable changes in their knowledge, participants' open-ended responses indicate they learned Cree words or sounds which implies increased phonological awareness of Cree: "As levels progressed, I found I had a better understanding of different sounds" (P16) and "I feel like you get more used to the letters/sounds as you advance" (P14).

An examination of the errors participants made on the pre- and post-tests, indicates many mistakes were consistent across tests. These mistakes included using "e" (as in bet or ɛ in IPA) instead of "i" (as in sit or ɪ in IPA), or "oo" instead of "ô" (as in moose or u in IPA). These mistakes reflect the differences in the sound-to-character mappings between English (participants' native language) and Plains Cree. Along with these persistent errors, there were some types of errors that were different across tests. In the pre-tests, learners did not use accents where they were needed, such as using i and o (as in put or ʊ in IPA) instead of î (as in feel or i in IPA) and ô, whereas accents were observed in the post tests. In some cases, this meant that learners were using accents where they were not needed (e.g., ê instead of e, as e never takes an accent). Similarly, some consonants such as "h" and "w" were absent from the pre-test (e.g., waya was written instead of wâhyaw pronounced wɑhyaʊ in IPA). In contrast, users included these consonants both where they were needed (e.g., mahtesa pronounced məhtesə in IPA) and in other locations which demonstrated negative transfer of sound-to-character mappings from English to Cree. For example, chin was written instead of cin, which is the SRO representation that is pronounced tsɪn in IPA.

Learner Experience {#Sec10}
------------------

Figure [2](#Fig2){ref-type="fig"} shows the distribution of participant responses to the learning experience questionnaire. Overall, participants reported positive experiences and positive perceptions of their learning. Their perception that they learned Cree sounds is consistent with the gains seen from the pre-test to the post-test. The themes that emerged from participant comments on their learning experience included the perceived learning of Cree words, having a positive learning experience, and facilitating learner attention.Fig. 2.Learners' play experience with SoundHunters

The questionnaire results indicate that participating learners were challenged, had fun, and were highly satisfied with their learning experiences. Their open-ended comments confirm this finding of the game facilitating a positive learning experience. As participants said,"P9: "I really enjoyed the game. I thought it was a new and interesting way to help learn some basics on Cree word/sound structure. The game itself was simple enough that it didn't take away from learning but fun enough to keep interest".P17: "The game was a cool and easy way to learn Cree words/sounds. It was really useful to see both the spelling on screen and hear the sounds."P13: "Finally hitting the correct target was very satisfying""

Even though participants enjoyed learning in this way, their perceptions with respect to preferred learning approach did not necessarily indicate that using SoundHunters would be their first choice (Relevance, item 1, in Fig. [2](#Fig2){ref-type="fig"}). Their responses to the focused attention related items of the questionnaire indicate the game could have better captured their full attention even though their open-ended responses indicate that it helped them to focus on performing the learning task without making them feel like they were engaged in a learning activity: "It did grab my attention throughout playing the game" (P19) and it is a "learning tool where you can forget you're learning" (P12). One learner also stated that "it was simple enough and engaging to play" (P9), suggesting that its simplicity contributed to its capturing their attention.

Discussion {#Sec11}
==========

We explored the use of a game to improve phonological awareness for Indigenous language learning. The learning observed in this study provides empirical evidence for informal game-based learning practices, which generally lack strong support \[[@CR7]\]. The observed improvement in participants' ability to map sounds to characters can be interpreted as a sign of the game's appropriate difficulty levels for the target audience since language-learning technologies that fail to provide the right amount of challenge are associated with a lack of learning \[[@CR36]\].

Along with the amount of challenge, the type of interactivity provided could play a role in the activity's effectiveness, as some types of interactions that learners have with games have been associated with increased vocabulary retention \[[@CR15]\]. In our game, the primary interaction with the user was through a combination of sounds and text which probably played an important role in the success of the game. These interactions are consistent with the learning objective of increasing learner phonemic awareness, with improvements shown through assessments that required learners to map sounds to characters, which is a fundamental component of phonemic awareness \[[@CR4]\]. The repetition involved in the game is likely to have contributed to the measured improvements as repetition provides practice opportunities \[[@CR13]\].

Learners' comments and questionnaire responses indicate they responded positively to this learning technology. More specifically, participants said they felt more like they were playing than studying, suggesting that the activity format eliminated the negative emotions, such as anxiety \[[@CR27], [@CR56]\], that are associated with foreign language learning as well as the learning of Indigenous languages \[[@CR35]\]. As family-based approaches have helped improve Indigenous language learning \[[@CR25]\] in other contexts, further game activities can be developed in a way that allows collaborative play so that families can engage with the learning activities together. This would additionally help to mitigate generational differences in Indigenous language learning.

Some of the errors participants made in the post-test indicated negative transfer, which is the expansion and use of existing knowledge from a well-known language to that of another language \[[@CR3]\]. In this case, negative transfer was seen through the application of sound-to-character mappings from English during a Cree transcription task. To mitigate negative transfer, further activities can be planned to explicitly point out differences between these two languages \[[@CR33]\]. The observed errors additionally provide evidence of the development of learners' interlanguage, which is a part of the language-learning process where learners combine characteristics of the first and additional languages \[[@CR11]\] en route to eventual mastery of the target language if they persist.

Conclusion {#Sec12}
==========

In the last two decades, youth interest in learning their own Indigenous languages has been steadily increasing \[[@CR21], [@CR30]\]. However, these languages have few resources \[[@CR34]\], research-informed learning activities \[[@CR37]\], or personalized systems \[[@CR6], [@CR35]\] that learners can access to support their learning. Consistent with this, the need to develop technologies that support Indigenous language learning has been identified by community members \[[@CR35]\]. To help meet this need, this study provided a novel instructional activity that promotes listening by developing learners' phonological awareness of Plains Cree using an adaptive game. Increases in learner knowledge as measured through a receptive task, demonstrate the potential for these types of activities, especially when considering how they enable access to learning that may not otherwise be possible, provide a safe practice environment where learners can afford to take risks, and transform the learning of an Indigenous language from something that was previously punishable to something that is enjoyable.
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